It has been the purpose of the present paper to investigate and explore the There has been an upsurge of research interest in molecular complexes of the donor-acceptor type during the last two decades (1). Despite the large number of papers dealing with molecular complexes, only a small percentage of these studies use nuclear magnetic resonance (NMR) spectroscopy as a means of determining complex formation equilibria, their compositions, and thermodynamic data. More recent papers include the work of Kuntz (2, 3), Foster (4, 5), Hanna (6, 7), and their coworkers. In particular, Hanna and Ashbaugh (6), observing the basic assumption of Huggins and Pimentel (8) for the correlation of the NMR measurements to the equilibrium, noted that equilibrium constants in hydrogen-bonding systems can successfully be determined by NMR spectroscopy (9), and that complex formation equilibria between donors and acceptors are similar to those found in hydrogenbonding systems. According to Hanna and Foster, if the concentration of acceptor is kept considerably lower than that of the donor, then the plot of the ratio of the observed chemical shift relative to however, be investigated in a later paper. Since in most NMR measurements, we keep CAO constant and vary CDO, it is convenient to define a set of dimensionless quantities as follows: K1* = K1 CAO; CDO* = CD0/CA0; CAD* = CAD/CA0M In terms of these dimensionless quantities, Eq. 3 becomes,
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(1 -CAD*) PA + CAD* PAD [6] or Pobsd -PA = CAD* (PAD PA); CAD* = A/A0 = A* [7] where A = Pobad -PA, and A0 = VAD -PA. Eq A*/CDO* = Kj* (1 -A*) [9] after neglecting A*/CDO* compared with unity. Eq. 9 Introducing the relation CAD,"* = A/Ao = A*, given in Eq. 7, into the Eq. 18, we obtain A* = (1 -A*)(CDO* -nA*)n A*/CDO*n (1-A*)(1 -nA*/CDO*)n [9 If we can choose the condition so that nA*/CDO* << Fig. 3 . It may be seen from this figure that the HAFF equation and the exact linear relation are almost the same and in good agreement with the exact theoretical one only when K1* is smaller than 0.1. As K1* increases, both plots deviate from the exact theoretical plot, and it can be noticed that the HAFF Eq. 1 la represents the tangential line of the curve A*/CDO* versus A*, at A"* = 1, and Eq. 11 represents the tangential line of A*/CDO* versus A*, at Al* = 0 as shown above. We realize that in molecular complexes when the 1: n complex is formed, it usually is accompanied by the formation of 1:1, 1:2... 1: n -1 complexes. The reason that we discuss the NMR determination of 1: n complexes ignoring the existence of 1: 1, 1: 2,Y. . . 1: n -1 complexes here is that we hope that the derivation given here may be found useful in areas other than ordinary molecular complexes, and that the derived results for 1: n complexes will be used in the discussion of the Job method by the NMR measurement. The multiple equilibria will be discussed in a later paper.
In this case, we have, From the above derivation, we can see that the mere fact that the plot of A*/CDO* versus A/* is linear already suggests that the complex is of the 1:1 type, provided that the deviation from ideality is negligible.
(c) The Job method in NMR measurements Now, we consider the application of the Job method in NMR measurements to determine the composition of molecular complexes. For this purpose we consider 1: n complexes as given in Eq. 15. This is consistent with the discussion of the Job method in other measurements (11) . Again the deviation from ideality is neglected. Let us assume, VA and VD are the volumes of A and D, respectively, and V = VA + VD. Then the total concentration CT is given by where.CD0 = XDCT = n/i + n CT. Eq. 32 can also be used to determine the equilibrium constant Kn after determining n. The work in progress is a study of the Job method in NMR measurements for the multiple equilibria.
EXPERIMENTAL
The materials used in the present investigation, and the procedure of experimentation were essentially the same as reported elsewhere (12 Fig. 4 . The plot of A/CDO against A gives a good straight line even though the acceptor concentration (1.0 M) used was comparable to the donor concentration (0.2-2.0 M). The equilibrium constant (0.112 ± 0.003 liter. molh), calculated from the slope which was-computed by the use of a least squares curve fit program, is within the limit of experimental error in agreement with what we observed earlier (12) for this system, when the donor concentration (0.2-2.0 M) used was much greater than the acceptor concentration (0.01 M).
Fig. 5 shows a typical set of experimental results on the Job method using NMR spectroscopy to determine the stoichiometry of the molecular complex (C1oH8: CH3I). As discussed in the previous section, to apply the Job method in NMR measurements we have to determine the variation for the product of A and CAO with mole fraction of donor (naphthalene). It may be seen from this figure that the curve exhibits a maximum when XD = 0.5 and hence indicates the molar ratio of naphthalene to methyl iodide is 1:1. This method can also be applied to study the stoichiometry of hydrogen-bonding systems by NMR spectroscopy.
